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With the aim to determine the infl uence of packaging in preserving the quality of wine, in this research project the 
chemical and sensorial evolution of a red wine stored in different packaging materials (glass bottles vs multilayer 
Tetrabriks®) has been evaluated over a period of 12 months. Furthermore, two different temperature levels (4 and 
20 °C) for each packaging solution were maintained throughout the storage period.
The results show how the characteristics of packaging could deeply affect wine quality as a function of the 
storage conditions used, and suggest that with their rational optimization the quality of red wine during storage can 
be kept and its shelf life extended. In this context, the kinetic characterization of the time evolution of some chemical 
compounds that can be assumed as indexes of wine oxidation rate could enhance the consumer’s enjoyment during 
tasting.
Under the adopted experimental conditions, the rate of wine aging was higher when the storage temperature 
increased. Furthermore, after 12 months of storage at room temperature, the glass bottles generally better preserved 
red wine from oxidation than multilayer Tetrabriks®.
Keywords: kinetic model, TSO2 kinetic evolution, TAnt kinetic evolution, packaging, sensorial 
characterization, red wine aging, red wine storage
Nowadays, glass containers are still usually preferred for bottling wine (GHIDOSSI et al., 2012; 
WANI et al., 2014; VAN OOIJEN et al., 2016) being the only material with a high impermeability 
to gases and vapours, stability over time, transparency, and it is readily recyclable (MENTANA 
et al., 2009). Nevertheless, as a consequence of some objective limitations for the extensive 
use of glass containers in food industry (i.e. heavy weight, fragility to internal pressure, 
impact, and thermal shock, etc.) (WANI et al., 2014), in recent years there is growing 
worldwide demand for alternative solutions to glass also for bottling wine (Van OOIJEN et al., 
2016 and ref. within). Therefore, among all the possible packaging materials, it has been 
possible to observe an expansive utilization of polymeric materials for wine packaging, 
including PET bottles, multilayer Tetrabriks®, and bag-in-box (BiB) type containers 
(ROBERTSON, 2012; REVI et al., 2014; VANDERROOST et al., 2014). In this context, the packaging 
options alternative to conventional glass containers are often marketed as inexpensive, 
practical to use, and “eco-friendly,” particularly in relation to their contributions to waste 
prevention (GHIDOSSI et al., 2012; CLEARY, 2013).
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With the aim to determine the infl uence of packaging in preserving the quality of wine, 
in this research project both chemical and sensorial evolution of a not structured red wine 
stored in different packaging materials (glass bottles vs multilayer Tetrabriks®) has been 
evaluated over a period of 12 months.
As it is well known, temperature infl uences the oxygen permeability of thermoplastic 
polymers (DOMBRE et al., 2015 and ref. within). As oxygen is one of the main factors affecting 
wine evolution as well as its deterioration (KWIATKOWSKI et al., 2007; GHIDOSSI et al., 2012; 
DOMBRE et al., 2015 and ref. within), two different temperature levels (4 and 20 °C) for each 
packaging solution were maintained throughout the storage period (12 months).
As glass is characterized by a high impermeability to gases and vapours (MENTANA et al., 
2009), when wine is stored in a glass bottle, the barrier against the external atmosphere is 
provided by the closure. Additionally, according to the results reported in a previous paper 
(VENTURI et al., 2016a), the wine stored in glass bottle closed with crown cap showed the 
lowest degradation rate if compared with the same wine stored in the same operating 
conditions in glass bottles closed with different kinds of closures (natural cork, screw cap, 
polymeric material). In order to highlight the real infl uence of the different packaging 
materials (glass vs multilayer Tetrabriks®) on the evolution of the stored wine, the glass 
bottles were closed with crown cap, with the purpose of avoiding the infl uence of closure on 
the wine evolution.
1. Materials and methods
1.1. Experimental protocol adopted
The red wine (pH=3.62±0.01; alcohol (% v/v)=12.50±0.01; titratable acidity=4.82±0.20 g l–1 
as tartaric acid; net volatile acidity=0.55±0.02 g l–1 as acetic acid; total phenols=3.87±0.01 
g l–1 as catechins; not fl avonoid phenols=0.440±0.03 as gallic acid; total anthocyanins= 
0.470±0.006 g l–1 as malvin; proanthocyanidins=1.097±0.01 g l–1 as catechins; total 
SO2=0.100±0.007 g l–1) was packed in different packaging materials (glass bottles, V=1 l; 
Tetrabriks®, V=1 l) at the same time in a commercial winery bottling line using a fully 
automated bottling/fi lling station.
Packed wine was shipped by air-conditioned truck (T=20±1 °C) from the bottling/fi lling 
facility located at Castellina Marittima (PI) to the Food Technology Laboratory of the DAFE 
(University of Pisa) 1 day after bottling/packaging. Sampling of wine was carried out at 3 
days, 3, 6, 9, and 12 months of storage. During the whole observation period, all samples 
were stored in a controlled temperature cabinet at two different temperature levels: 4±1 °C 
and 20±1 °C.
The specifi c experimental conditions adopted in each experimental run are reported in 
Table 1.
Table 1. Storage conditions during experimental runs
Run Storage conditions
1 Glass 20 °C
2 Glass 4 °C
3 TB 20 °C
4 TB 4 °C
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1.2. Chemical evolution
All chemical determinations useful for the characterization of starting wine were run at the 
laboratory of Food Technology of DAFE (University of Pisa) according to offi cial methods 
proposed by International Organization of Vine and Wine (OIV) and described in Compen-
dium of International Methods of Wine and Must Analysis (OIV, 2014): OIV-MA-AS313-15 
(pH); OIV-MA-As313-01 (Total acidity); OIV-MA-AS312-01A (Alcoholic strength by vol-
ume); OIV-MA-AS313-01 (Net volatile acidity). The determination of the main phenolic 
compounds was run according to the offi cial methods proposed by AMERINE and OUGH (1988).
The methods utilized for the determination of TSO2 and TAnt during wine storage are 
described in detail below.
1.2.1. Total SO2 (TSO2). Time evolution of total SO2 (TSO2) concentration was 
determined at the laboratory of Food Technology of DAFE (University of Pisa) by the Ripper 
titrimetric method (ZOECKLEIN et al., 1999).
This method is based on the redox reaction, where sulphur dioxide, in the form of 
bisulphite ion, reacts with iodine as follows:
HSO3–+I3–+H2O → SO4=+3H++3I–                                                                    (1)
Unreacted iodine forms a blue complex with starch indicator to signify the endpoint. 
The addition of sodium bicarbonate prior to commencing the titration creates an inert blanket 
of carbon dioxide gas to prevent interference caused by oxygen in air. Red wines may require 
decolourising with activated carbon prior to performing the titration in order for the endpoint 
colour change to be observed. When determining total sulphur dioxide, the sample is 
pretreated with sodium hydroxide solution to adjust the pH. This causes chemically bound 
forms of sulphur dioxide to be released in the solution as free sulphur dioxide. It is essential 
to titrate to an endpoint, where the blue colour persists for 30 seconds to ensure that all forms 
of sulphur dioxide in solution have reacted.
1.2.2. Total Anthocyanins (TAnt). As described in a previous paper (ZINNAI et al., 2011a), 
the time evolution of TAnt concentration was determined at the laboratory of Food Technology 
of DAFE (University of Pisa) by measuring the absorbance at 540 nm after dilution of the 
sample with a solution composed by ethanol/water/HCl=70/30/1. The concentration of 
anthocyanins was calculated (as g l–1 of malvidin equivalent) using the equation:
[TAnt]                                                        (2)
where Abs(540 nm)=Absorbance at λ=540 nm; ε=molar attenuation coeffi cient, according to 
Beer’s law; dil.=dilution of wine sample, generally ranging from 1:20 to 1:50 (v/v); 
332=molecular weight of malvidin.
1.2.3. Mathematical model. As reported in previous papers (ZINNAI et al., 2011b; VENTURI 
et al., 2015), the identifi cation of the best values to be assigned to the model parameters was 
carried out by the specifi c statistical program BURENL (BUZZI FERRARIS & MANCA, 1996).
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This program identifi es, in a space of j-dimensions (where j represents the number of 
equation parameters), the minimum value of F function, which is obtained from the sum of 
the squares of differences occurring between calculated and experimental values:
σ כ כ                                                (3)
where i=i calculated/experimental value, and N=total number of experimental values.
1.3. Sensorial evaluation
The sensorial profi les of wine as a function of the storage packaging were evaluated by a 
trained panel from the “expert panel” of the Department of Agriculture, Food and Environment 
(DAFE) of University of Pisa; all assessors had previous experience in sensory descriptive 
analysis, mainly in wine evaluation. According to the DAFE internal procedure for assessor 
selection and training (VENTURI et al., 2013; VENTURI et al., 2014; VENTURI et al., 2016b), based 
on a normalized technical procedure reported in the literature (PÉREZ ELORTONDO et al., 2007), 
expert assessors must repeat and pass re-qualifi cation tests at least once a year to demonstrate 
that they are satisfactorily still capable of evaluating the samples.
The assessors were provided with a specifi cally developed sensorial sheet consisting of 
a not structured, parametric, descriptive wine scoring chart. Tasting was carried out in the 
morning, in a well-ventilated quiet room, and in a relaxed atmosphere. Before evaluation, 
samples were left for 2 h at room temperature in order to serve all samples at the same 
temperature. The wine was then presented to assessors at the same time. Regardless of the 
packaging conditions, a randomized serving order was proposed. All assessments were 
repeated in duplicate in two different days by the same group of panellists.
1.4. Statistical analysis
(i) Chemical characterization: in order to evaluate the statistical signifi cance of the 
experimental data, from the same bottle all measurements were repeated in triplicate.
The reliability of data sets (4 treatments for three repeated analysis) was evaluated by 
One Way Completely Randomized ANOVA (CoStat, Cohort 6 software). Comparisons 
among means were performed by Bartlett’s X2 corrected test (P<0.05). Tukey’s HSD multiple 
mean comparison test (P<0.05) was used to state the differences among variables.
(ii) Sensorial analysis: for each tasting session, the reliability of the assessments was 
evaluated by 2-Way Completely Randomized ANOVA (software R, version 3.3.1) by 
Bartlett’s test (P<10, 5 1%), with Product (packaging and storage conditions adopted) and 
Panellist as main factor. Tukey’s HSD multiple mean comparison test (P<10, 5 1%) was used 
to state the differences among variables.
(iii) Matrix of correlation: Pearson’s correlation coeffi cient test was also carried out to 
measure the strength of the correlation among TSO2 and TAnt degradation kinetic constant 
(kTSO2; kTAnt) and the main wine attributes that are generally associated with oxidation. 
Generally, a coeffi cient of about ±0.7 or more is regarded as indicating fairly strong 
correlation, and in the region of ±0.9, it indicates very strong correlation. In the region of 
±0.5 the correlation is moderate, and in the range –0.3 to +0.3, it is weak (LEIGHTON et al., 
2010).
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2. Results and discussion
2.1 Chemical evolution of stored wine
2.1.1 Kinetics of TSO2 and TAnt degradation. As SO2 plays an important protective role 
against oxidation in wine, the chemical degradation of this compound during storage may 
represent a good index of oxidative degradation of the product as a function of the packaging 
used (FU et al., 2009; VENTURI et al., 2016a).
Generally, in wine, SO2 can exist in many interconvertible forms, represented by a 
variety of “free” (FSO2) and “bound” (BSO2) forms. In this context, the active level of SO2 is 
infl uenced by many factors (i.e. pH, concentration of binding compounds, oxygen availability, 
etc.) also during wine storage. In this study, the concentration of TSO2 (FSO2+BSO2) has 
been assumed as a measure of oxidative degradation induced by the storage conditions, since 
in wine the free fraction represents a chemical intermediate among all above mentioned 
forms of SO2, and its concentration can be affected by several chemical reactions other than 
oxidation.
As reported in a previous paper (VENTURI et al., 2016a), the time evolution of TSO2 
concentration can be described by a fi rst order kinetic equation:
–d[TSO2]t=t/dt=kTSO2• [TSO2]t=t                                                  (4)
where kTSO2 is the kinetic constant related to TSO2 degradation and [TSO2]t=t is the concentration 
of total SO2 at the generic reaction time t=t.
After integration, the following equation can be obtained:
[TSO2]t=t =[TSO2]t=0• e–kTSO2·t                                                                                       (5)
The two functional parameters, k and [TSO2]t=0, were assumed to be valid measures of 
the effect induced by oxidation during wine storage as a function of adopted packaging and 
storage temperature. To identify the best values to be assigned to the functional parameters 
(k and [TSO2]t=0) involved in equation (5), the statistical program Burenl was utilised (BUZZI 
FERRARIS & MANCA, 1996). As shown in Figure 1, the high values assumed by the squares of 
the correlation coeffi cients calculated for the linearized form of the kinetic equation in the 
Taylor series indicate both the suitability of the theoretical approach followed and the 
reliability of the kinetic equations proposed.
Colour is one of the most important organoleptic characteristics of red wine, affecting 
the quality evaluation of the product (BIMPILAS et al., 2016). Anthocyanins are the main 
compounds involved in the colour of young red wine, and the change of colour during aging 
from red–purple to brick red hues is greatly infl uenced by the level of oxygen dissolved in the 
wine during storage (AVIZCURI et al., 2016).
The experimental approach proposed above to describe TSO2 time evolution was also 
followed to describe the time evolution of the concentration of total anthocyanins (TAnt) that 
may represent a second index of oxidative degradation of the product as a function of the 
packaging used.
The infl uence of packaging on the oxidation of red wine appeared evident (Fig. 1, Table 
2) and, under the working conditions, the differences in degradation rate, as a function of 
packaging, are statistically signifi cant for both chemical compounds utilized as indexes of 
wine oxidation. In particular, working at room temperature, the reduction of the concentration 
of both TSO2 and TAnt was faster when the red wine was stored in multilayer Tetrabriks® 
(see Table 2: Run 1 vs Run 3). Furthermore, regardless of the packaging material utilized, the 
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time evolution of red wine during storage, in terms of both TSO2 and TAnt, appeared delayed 
as a consequence of the reduction of the storage temperature (see Table 2: Run 3 vs Run 4; 
Run 1 vs Run 2).
Fig. 1. Evolution of experimental and calculated points (Run 3) by the kinetic equation introduced, related to TSO2 
and TAnt concentration during 12 months of storage. Run 3: Tetrabriks®, 20 ºC. : TAnt; : TSO2
Table 2. Kinetic parameters describing the time evolution of TSO2 and TAnt concentration as function of the 
packaging material and storage conditions
Run Storage conditions kTSO2±c.i.
(months–1)
[TSO2]t=0 ±c.i.
(mg l–1)
r2
1 Glass 20 °C 0.053±0.0002 106.50±0.13 0.96
2 Glass 4 °C 0.045±0.0006 105.60±0.38 0.98
3 TB 20 °C 0.070±0.0002 98.11±0.13 0.96
4 TB 4 °C 0.043±0.0072 97.39±0.38 0.63
Run Storage conditions kTAnt±c.i.
(months–1)
[TAnt]t=0±c.i.
(mg l–1)
r2
1 Glass 20 °C 0.056±0.0004 459.78±0.13 0.98
2 Glass 4 °C 0.020±0.0001 466.20±0.37 0.98
3 TB 20 °C 0.064±0.0005 417.99±0.13 0.98
4 TB 4 °C 0.022±0.0001 423.77±0.38 0.94
2.2. Sensorial evolution of stored wine
After 12 months of storage (Fig. 2), the wine maintained at 4 °C in glass bottles (Run 2) 
showed the best sensorial profi le, while the fastest deterioration of wine was observed when 
it was stored in Tetrabriks® at room temperature (Run 3).
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Fig. 2. Sensorial profi le of wine as a function of packaging material and storage conditions (t=12 months from 
bottling/packaging). 
***: P<0.001; **: P<0.01; *: P<0.05
: t=0 Red wine; : Run 1; : Run 2; : Run 3; : Run 4
Furthermore, to verify whether and how the sensory properties of wine changed over 
time, the Two-way ANOVA, with Product and Panelist as main effects, was performed on the 
experimental data related to the sensory attributes at different storage times. The results of the 
ANOVA applied to the main attributes utilized to describe view, smell, and taste are reported 
(Figs 3A, 3B). Among all descriptors ranked by the panel components, only parameters that 
showed statistically signifi cant differences under one or more storage conditions are reported 
and discussed.
In particular, according to storage time, it was possible to observe that the number of 
attributes useful in discriminating wines stored in different packaging as well as the 
signifi cance level of the observed differences increased.
Furthermore, similarly to the chemical evolution observed, it was possible to determine 
that the sensorial evolution of red wine during bottle aging was signifi cantly delayed at the 
lowest temperature, regardless of the packaging material utilized, while at room temperature, 
glass allowed better preservation of the quality of the stored wine.
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Fig. 3. Main sensorial descriptors ranked by panel components during storage time (Figure 3A, t=6 months from 
bottling/packaging; Figure 3B, t=12 months from bottling/packaging). At the same storage time, parameters not 
sharing the same letter have a signifi cantly different mean value. 
***: P<0.001; **: P<0.01; *: P<0.05
: Red wine t=0; : Run 1; : Run 2; : Run 3; : Run 4
2.3. Matrix of correlation
In order to evidence whether the rate of TSO2 degradation, as well as that of TAnt, could 
represent a chemical index of the evolution of the red wine during storage, the two kinetic 
constants, kTSO2 and kTAnt (Table 2), were correlated for all storage conditions with the sensory 
attributes reported in Figure 3B. The correlation coeffi cients are presented in Table 3.
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Table 3. Correlation matrix relating the kinetic constants describing TSO2 and TAnt degradation to each other and 
to wine sensory attributes (storage time=12 months)
Parameter kTSO2 kTAnt
kTSO2 1.00 0.89*
Visual attractiveness <0.7 <0.7
Aftertaste 0.85* <0.7
Frankness –0.86* –0.78*
Harmony of odours –0.92* –0.87*
Oxidation <0.7 <0.7
*: Correlation coeffi cient that indicates a strong correlation (≥0.7)
Thus, it has been proved that both TSO2 and TAnt degradation kinetic constants (kTSO2 
and kTAnt) are strongly inversely correlated to positive sensorial attributes such as “Harmony 
of odours” and “Frankness”, while negative attribute “Aftertaste” was strongly directly 
correlated with kTSO2.
3. Conclusions
On the basis of the experimental data, a new “integrated approach”, deriving from the 
merging of chemical, kinetic, and sensorial data, can be introduced to identify the best 
packaging and storage conditions to maintain the quality of red wine during storage. In this 
context, kTSO2 as well as kTAnt represent two useful indexes to describe the chemical evolution 
of red wine in combination with the main sensorial attributes generally associated with 
oxidative evolution of this kind of product.
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